Purpose: We sought to determine whether there is a subset of men who can avoid prostate biopsy based on multiparametric magnetic resonance imaging and clinical characteristics. Materials and Methods: Of 1,149 consecutive men who underwent prostate biopsy from October 2011 to March 2017, 135 had prebiopsy negative multiparametric magnetic resonance imaging with PI-RADSÔ (Prostate Imaging Reporting and Data System) score less than 3. The detection rate of clinically significant prostate cancer was evaluated according to prostate specific antigen density and prior biopsy history. Clinically significant prostate cancer was defined as Grade Group 2 or greater. Multivariable logistic regression analysis was performed to identify predictors of nonclinically significant prostate cancer on biopsy. Results: The prostate cancer and clinically significant prostate cancer detection rates were 38% and 18%, respectively. Men with biopsy detected, clinically significant prostate cancer had a smaller prostate (p ¼ 0.004), higher prostate specific antigen density (p ¼ 0.02) and no history of prior negative biopsy (p ¼ 0.01) compared to the nonclinically significant prostate cancer cohort. Prostate specific antigen density less than 0.15 ng/ml/cc (p <0.001) and prior negative biopsy (p ¼ 0.005) were independent predictors of absent clinically significant prostate cancer on biopsy. The negative predictive value of multiparametric magnetic resonance imaging for biopsy detection of clinically significant prostate cancer improved with decreasing prostate specific antigen density, primarily in men with prior negative biopsy (p ¼ 0.001) but not in biopsy na€ ıve men. Of the men 32% had the combination of negative multiparametric magnetic resonance imaging, prostate specific antigen density less than 0.15 ng/ml/cc and negative prior biopsy, and none had clinically significant prostate cancer on repeat biopsy. The incidence of biopsy identified, clinically significant prostate cancer was 18%, 10% and 0% in men with negative multiparametric magnetic resonance imaging only, Accepted for publication August 24, 2018. The corresponding author certifies that, when applicable, statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
MULTIPARAMETRIC MRI of the prostate combined with TRUS fusion PBx is a promising tool to identify CSPCa. 1, 2 However, interpretation of negative mpMRI findings remains debatable. Whether men without suspicious lesions on mpMRI can safely omit unnecessary prostate biopsy remains controversial. It has been suggested that including additional negative predictors of CSPCa may help refine the decision algorithm to more confidently determine whether men with negative mpMRI need to undergo prostate biopsy. 3e6 We evaluated a prospective cohort of men with negative prebiopsy mpMRI to determine CSPCa detection rates based on PSAD and biopsy history. In a subset of patients biopsy histology was correlated with the gold standard, serially sectioned RP specimens.
MATERIALS AND METHODS
From a prospectively maintained, institutional review board approved PBx database we identified consecutive men who underwent prebiopsy mpMRI at our institution from October 2011 to March 2017. Patients were included in study if they had negative mpMRI, defined as PI-RADS v1 or v2 score less than 3. 7, 8 We excluded patients with mpMRI done elsewhere and those who had undergone any prior surgical or medical treatment for PCa or BPH. The study received Institutional Review Board approval (IRB No. HS-13-00663).
Multiparametric MRI was performed on a 3 Tesla MRI system (GE Healthcare, San Antonio, Texas) using a multichannel phased array coil. The MRI acquisition protocol included high resolution T2-weighted, diffusion-weighted and T1-weighted dynamic contrast enhanced sequences. Parametric apparent diffusion coefficient maps were calculated from the diffusion weighted images.
In 2016 we reevaluated and updated our prostate MRI protocol from PI-RADS v1 to meet the recommendations of PI-RADS v2. Prostate volume was calculated using the ellipsoid formula based on MRI measurements. All mpMRIs were evaluated by experienced radiologists with a minimum of 5 years of experience with prostate MRI. TRUS guided transrectal PBx was performed by 2 experienced urologists with the patient under local anesthesia using 3-dimensional mapping on a Urostation (KoelisÒ). Systematic extended sextant 12-core biopsies were obtained with an 18 gauge needle and each core was independently labeled and submitted to histology in separate containers. No MRI directed biopsies were performed in cases with lesions with PI-RADS score less than 3.
In patients who underwent RP serially sectioned RP specimens were evaluated by a fellowship trained uropathologist. PCa mapping and detailed characteristics of PCa foci were recorded using the Stanford protocol, the AJCC Staging Manual, 7th edition, and ISUP (International Society of Urological Pathology) standards. 9, 10 CSPCa was defined as GG 2 or greater (GS score 3 þ 4 or greater). CIPCa was defined as GG 1 (GS score 6). CSPCa and CIPCa were based on PBx histology. Prior negative biopsy was defined as at least 1 PBx prior to the current biopsy.
To analyze demographic data the patients were divided into 3 cohorts, including CSPCa, CIPCa and benign groups. To assess predictors of absent CSPCa on prostate biopsy patients were compared as CSPCa vs nonCSPCa group with the latter including patients with CIPCa and benign findings. ROC curve analysis was performed to detect nonCSPCa on PBx. Multivariable logistic regression analysis was done with clinically relevant parameters and statistically significant variables on univariate analysis.
Statistical analysis was performed with EZR, version 1.35, 11 which is a graphic user interface for R (https:// www.r-project.org/). The Mann-Whitney U test was used for 2 continuous variables and the chi-square or Fisher exact test was used for categorical variables. The KruskalWallis and post hoc tests were used for 3 continuous variables. Statistical significance was considered at p <0.05.
RESULTS
Of the 147 consecutive patients with negative prebiopsy mpMRI we excluded 5 who underwent transurethral prostate resection, 6 who underwent mpMRI elsewhere and 1 who underwent noncontrast MRI ( fig. 1) . Therefore, 135 patients met the inclusion criteria for this study. One case in which a PSA test was performed more than 6 months prior to PBx was excluded from all PSA and PSAD analyses. Table 1 lists demographics. Of the men 48 (36%) were PBx na€ ıve and 60 (44%) had undergone previous negative PBx with a median of 29 months from the last biopsy, including 38 (63%) with 1 prior biopsy and 22 (37%) with more than 1 prior biopsy. A total of 27 men (20%) had undergone previous positive PBx a median of 12 months from the last biopsy, including 20 on active surveillance and 7 with biopsy proven GG 2 for restaging biopsy (table 1). Prostate biopsy detected PCa (any GG) in 51 men (38%) and CSPCa in 24 (18%).
Comparison among the CSPCa, CIPCa and benign groups revealed that prostate volume, PSAD, prior negative biopsy and prior positive biopsy statistically differed among the 3 groups (all p <0.001, table 1, Figure 1 . Schematic tree of study cohort 4 ). All 43 patients (32%) with PSAD less than 0.15 ng/ml/cc and negative biopsy history had no CSPCa on repeat PBx. Conversely 9 of the 18 patients (50%) with PSAD 0.15 ng/ml/cc or greater and no history of negative biopsy had CSPCa on PBx (supplementary table 2, http://jurology.com/).
The NPV of mpMRI for biopsy detection of CSPCa improved with decreasing PSAD (table 3  and fig. 5 ). The NPV of negative MRI improved 
DISCUSSION
In this single institution study patients were included if there were no suspicious lesions on prebiopsy mpMRI as defined by PI-RADS criteria.
3e6,12,13 Patients with prior PCa or BPH treatment were excluded because that could alter PSA, introducing an artifact. Patients with mpMRI performed elsewhere were also excluded to maintain MRI protocol uniformity.
There was an evolution of our MRI protocol and assessment from PI-RADS v1 to PI-RADS v2. However, these evolutionary changes did not impact the detection of CSPCa (table 2) . Thus, of the 1,149 men in our database we identified this homogenous cohort of 135, comprising 35% of all 395 patients who underwent MRI prior to biopsy. Based on this cohort we sought to identify predictors of nonCSPCa on PBx with the aim of clarifying the NPV of mpMRI when combined with other negative predictors of CSCPa. 3e6 In fact, patients with negative MRI comprise around 27% to 44% of all patients with MRI prior to PBx. 13e15 To date at our institution we have performed PBx if clinically indicated by elevated PSA, suspicious DRE and active surveillance regardless of MRI findings. A total of 27 patients (20%) with prior positive PBx underwent mpMRI and repeat biopsy, including 20 (15%) per active surveillance protocol and 7 (5%) for restaging biopsy in whom GG 2 was identified in PBx performed elsewhere and who sought ablation therapy at our institution. The CSPCa and PCa detection rates were 18% and 38%, corresponding to NPV of 82% and 62%, respectively. These results are compatible with recent literature and similar to those reported by Hansen et al using PSAD less than 0.1 ng/ml/cc (supplementary table 6, http://jurology.com/). 3e6, 12e14, 16 However, in most published reports predictors of absent CSPCa on biopsy were not assessed in patients with negative MRI. Some studies were underpowered or had only a few events, precluding further evaluation. In fact, the multi-institutional PROMIS (Prostate MR Imaging Study) trial provided level 1B evidence when evaluating 576 patients who underwent mpMRI and PBx with saturation transperineal PBx as the reference standard. 17 Multiparametric MRI was negative in 158 patients (27%) and the NPV of GS 3 þ 4 or greater was 76%. However, in this study mpMRI was performed at 1.5 Tesla strength and the investigators did not evaluate predictors of nonCSPCa on PBx in the setting of negative MRI.
A recent retrospective study described outcomes in 1,255 patients with negative mpMRI who were followed a median of 52 months. 18 The 48-month PCa and CSPCa-free survival rates were 84% and 95% in 659 PBx na€ ıve patients while in 596 with prior negative PBx the rates were 96% and 96%, respectively. However, in some cases with initial negative MRI the PBx was deferred and performed for cause during followup. Therefore, PBx was not routinely performed since some patients harboring PCa and CSPCa might not have been diagnosed. Nevertheless, the investigators reported that prior negative PBx and PSAD were predictors of CSPCa on PBx. However, on multivariate analysis PSAD but not prior negative PBx was an independent predictor of CSPCa. The group concluded that PBx should be recommended even after negative mpMRI, especially in young patients or patients with high or rising PSA. 18 These NPVs seem slightly higher than those in our report. However, to date we have routinely biopsied all patients with clinical indication for PBx regardless of negative mpMRI.
Adding clinical information to mpMRI may help improve the mpMRI NPV. 3e6 Washino et al biopsied 288 men, including 127 (44%) with negative MRI. 3 Biopsy na€ ıve men were divided into 3 groups, including those with PSAD less than 0.15 ng/ml/cc, 0.15 to 0.29 and 0.3 or greater, respectively. Only 2 of the 51 patients with PSAD less than 0.15 ng/ml/ cc had CSPCa. Furthermore, none of the 38 men with PSAD less than 0.15 ng/ml/cc and negative MRI (PI-RADS less than 3) had PCa (supplementary table 6, http://jurology.com/). It is important to note the high median PSAD of 0.26 ng/ml/cc in this cohort and the fact that only 52% of patients underwent 3 Tesla MRI with 1.5 Tesla MRI performed in 49%. Further, the CSPCa definition of GS 3 þ 4 or greater, or any PCa with core length of 4 mm or greater was not as restrictive as the GS 3 þ 4 or greater cutoff reported by many others. 12e14 Distler et al used PI-RADS v1 to assess MRI and performed transperineal biopsies with a median of 27 biopsy cores per patient. 4 A total of 1,040 consecutive men were enrolled in that study, including 344 (33%) without suspicious lesions on mpMRI. Patients were stratified into 3 PSAD groups, including less than 0.07, 0.07 to 0.15 and greater than 0.15 ng/ ml/cc, respectively. When combined with PSAD 0.15 Figure 5 . Negative predictive value of MRI for clinically significant prostate cancer. a, by PSAD in ng/ml/cc. b, by PSAD in ng/ml/cc andng/ml/cc or less, the NPV of mpMRI for CSPCa (GS 3 þ 4 or greater) increased from 79% to 89%. When combining PSAD and mpMRI, approximately 20% of biopsies were deemed to be unnecessary. The use of other markers such as the PHI (Prostate Health Index) and PCA3 (prostate cancer antigen 3) were also explored and reported to improve the NPV of MRI to detect CSPCa (supplementary table 6 , http:// jurology.com/). 5, 6 We used PSAD and the history of negative biopsy, and excluded prostate volume from multivariable analysis to avoid confounding factors. We applied a PSAD threshold of 0.15 ng/ml/cc for analysis based on several reports and as recommended by the NCCN GuidelinesÒ. 3, 4, 19 In fact, analysis of 285 RP specimens revealed that PSAD was a predictor superior to PSA and GS for positive surgical margins, extracapsular disease, lymph node invasion and/or seminal vesicle invasion. 20 Conversely PSAD less than 0.1 ng/ml/cc or PSAD 0.1 to 0.15 ng/ml/cc with less than 3 mm PCa found in only 1 positive core on PBx were predictors of CIPCa in RP specimens. 21 A recent consensus suggested that mpMRI should be strongly considered in patients with previous negative biopsy who have persistent suspicion for PCa and are being considered for repeat PBx. 22 Furthermore, in patients with negative MRI other markers, including PSAD, might add value in identifying those warranting repeat biopsy. Patients with a history of prior negative biopsy have lower chance of PCa detection on repeat biopsy. Ploussard et al analyzed the records of 617 men who underwent repeat biopsy with a mean of 19 months of followup. 15 The investigators documented 16.7%, 16.9% and 12.5% PCa detection rates for the second, third and fourth sets of repeat biopsies, respectively. They also found that PSAD greater than 0.15 ng/ml/cc more than doubled PCa detection on repeat biopsy.
Interestingly no men in our study had CSPCa on repeat biopsy when combining negative MRI, PSAD less than 0.15 ng/ml/cc and prior negative biopsy history. Conversely, patients with PSAD 0.15 ng/ml/ cc or greater and no prior negative biopsy history should consider undergoing systematic PBx even if mpMRI shows no lesion (supplementary table 2 , http://jurology.com/).
We defined CSPCa as GG 2 or greater as reported previously. 4, 12e14, 17 Biopsy and serially sectioned RP histology were reviewed by a single dedicated uropathologist. For patients who underwent RP we compared biopsy outcomes with RP histology. Notably there was pT3a disease on RP that was missed by MRI in 5 of 24 biopsy proven CSPCa cases (21%). Biopsy and RP histology were concordant in 77% of cases and 4 of 7 cases diagnosed with CIPCa on biopsy were upgraded to CSPCa on RP histology (supplementary table 4 , http://jurology.com/). Thus, even in the setting of a negative MRI and CIPCa on PBx some patients may still harbor CSPCa on RP specimens.
Our study was limited by the relatively small number of patients. However, our cohort size is in line with those in prior reports (supplementary  table 6 , http://jurology.com/). The patients with prior negative biopsies underwent varying biopsy protocols with a varying number of cores taken, of which the details were not available from reports done elsewhere. Nevertheless, we report the number of prior biopsies and time from the last biopsy. We used biopsies rather than RP specimens as the reference standard but to our knowledge no prior publication has done so. Patients without PCa on biopsy do not undergo RP, precluding routine correlation with RP specimens. Nevertheless, we found concordance of PBx with RP histology in those who underwent RP. High quality mpMRIs were performed, interpreted and reported by experienced uroradiologists according to PI-RADS criteria and, thus, our study is in accordance with the AUA (American Urological Association)/SAR (Society of Abdominal Radiology) consensus recommendation. 22 However, mpMRI scans were not specifically rereviewed in this study.
Our data reflect real world practice. Prostate biopsies were performed by experienced urologists and histology findings were reviewed by a dedicated uropathologist.
CONCLUSIONS
The NPV of mpMRI for biopsy detected CSPCa was 82%, which improved to 90% when combined with PSAD less than 0.15 ng/ml/cc. Men with a combination of negative mpMRI and PSAD less than 0.15 ng/ml/cc with prior negative biopsy may safely avoid rebiopsy as none of these men had CSPCa on biopsy. Conversely PBx should be considered in biopsy na€ ıve men regardless of negative mpMRI, particularly those with PSAD greater than 0.15 ng/ ml/cc. 
EDITORIAL COMMENTS
This paper supports other studies which have used the more extensive sampling of transperineal template biopsy and shown the safety of avoiding biopsy in patients with negative MRI and low PSAD (reference 15 in article). However, this study more reflects common practice by comparison to sextant TRUS biopsy. What is less applicable to real-life practice is the 5-year experience of all radiologists involved as we know that the variation in accuracy of prostate reporting among less experienced radiologists remains a major problem that needs addressing. 1 As the authors conclude, there is no question, with the caveat of radiologist competence, that men with negative MRI, PSAD less than 0.15 ng/ml/cc and previous negative biopsy can safely avoid biopsy. However, based on the current data I would take a different line than the other recommendation of the authors of considering biopsy in biopsy na€ ıve men regardless of negative MRI. Rather, as the NPV in all men with negative MRI and PSAD less than 0.15 ng/ml/cc was 90%, I would suggest considering avoiding biopsy in such men regardless of previous biopsy status, which is our current practice. 2 Conversely, as 50% of biopsy na€ ıve patients with negative MRI but PSAD greater than 0.15 ng/ml/cc had CSPCa, all of these men should be offered biopsy.
